Ecologists are faced with an over-abundance of ways to measure biodiversity. In this paper, I provide a compilation of and guide through this ticket of diversity metrics. I present a typology for diversity metrics that encompasses the three commonly considered categories of information: abundance, phylogenetic relationships, and traits (i.e., function). I update and expand previous summaries of diversity metrics. The formulas of those 117 metrics are presented in a standard notation and format that makes it easy to see the mathematical similarities and differences among the metrics. Finally, I propose a standard set of symbols for many of the metrics that makes their properties immediately obvious. This compilation will make it easier for researchers to identify the metric(s) most suited to their needs and will help guide future metric development. P a g e | 2
Introduction
Ecologists are faced with an over-abundance of ways to measure biodiversity (Peet 1974 , Magurran 1988 , Magurran and McGill 2011 . Navigating that thicket can be challenging, often resulting in the use of metrics because they are commonly found in the literature, rather than because a given metric is the one most suited to the question being posed. In addition, nearly all commonly used metrics are composites; they consist of more than one component of biodiversity.
This composite nature is often hidden by the way the metrics are described or calculated, so determining the correct metric for a given task is not always obvious.
The goals of this paper are fourfold: The first goal is to provide a typology for diversity metrics that encompasses the three commonly considered categories of information: abundancc, phylogenies, and traits (i.e., function). This typology leans heavily on that of Tucker et al. (2017) for phylogenetic diversity metrics, but goes beyond it to further refine their schema and also apply it to trait-based metrics. The second goal is to update the summary of phylogenetic-based diversity metrics of Tucker et al. (2017) and the summary of trait-based diversity metrics of Weiher (2011) as well as proposing new metrics that flow from the new typology. The third goal is to put all of the formulas for these diversity metrics in a standard notation and format that makes it easy to see the mathematical similarities and differences among the metrics. The fourth goal is to propose a standard set of symbols for many of the metrics that makes their properties immediately obvious.
The following sections address each of these goals in turn.
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A typology for diversity metrics Biodiversity consists of a variety of types of information that can be separated and recombined into a myriad of diversity metrics. My proposed typology begins by identifying the basic information components (four types of information, two properties of that information, and three methods for measuring that information), defines a set of elemental diversity metrics from those components, and then shows how those elements can be combined to produce both familiar diversity metrics and new metrics that are analogous to existing metrics using different elements.
I start with the four basic types of information: identity, abundance, phylogenetic relationships, and traits. Note that the last item is "traits" rather than "functions" or "functional traits." While we conventionally speak of "functional diversity," the "function" part comes from assuming that the traits included in an analysis are the most relevant for the ecological and evolutionary processes that determine the diversity of a community or the effects of those species on ecosystem processes.
That assumption is not unwarranted. In general, researchers have an intuitive understanding of which traits are important. That link to processes, however, is almost never actually measured.
Rather, we just have the trait measurements. Thus, throughout the rest of this paper I will use the phrase "trait diversity" for the concept that is typically called "functional diversity."
The four types of information differ in that identity and absolute abundance are aspects of a species that are not mathematically dependent on any other species in an assenblage. In contrast, phylogenetic and trait relationships are aspects that can only be measured relative to other species.
They are typically undefined for a monotypic assemblage. Additionally, three of those types of information -abundance, phylogeny, traits -evince two properties: magnitude and variability that each can vary independently and which are labeled as follows (Scheiner et al. 2017a ):
Data type Magnitude Variability
Abundance Numbers Evenness Phylogeny Divergence Regularity Trait Dispersion Equability P a g e | 4
Magnitude is how much each of the species in an assemblage manifests some property. For abundance, magnitude (numbers) is typically the total number of individuals of a particular species, although it can be measured in a variety of other ways such as frequency of occurrence, biomass, or geographic range. For phylogeny, magnitude (divergence) is the amount of evolutionary differentiation of a particular species from other species ( Figure 1A ). For traits, magnitude (dispersion) is the amount of difference in trait values of a particular species from other species ( Figure 1B Because both phylogenetic and trait information are determined relative to other species, there are three methods for measuring these properties: total, pairwise, and nearest-neighbor. For phylogenetic information, total metrics are based on mseasures of the total branch lengths from root to tip for each species. Most commonly, shared branch lengths are divided by what are called "fair proportions" (Isaac et al. 2007) although other divisions are possible (Cadotte and Jonathan Davies 2010) . Both pairwise and nearest-neighbor metrics are based on the lengths of branches from one tip of the phylogeny to another, with the former comprising all pairwise lengths and the latter just the smallest length. They both differ from total metrics in that they do not include any shared branches. For example, in Figure 1A , the single root branch in each of the phylogenies would not be included in any pairwise or nearest-neighbor metrics. Thus, for total metrics the sum of the values for each species always equal the total branch length; that equivalence does not hold for pairwise or nearest-neighbor metrics.
For trait information, total metrics are based on the mean distance of each species from all others, pairwise metrics are based on the individual pairs of distances between each species, and nearest-neighbor metrics are based on just the smallest distance for each species. (Analogous quantities can be computed if the traits are categorical, rather than continuous.) Both total and pairwise metrics have the same sums and overall means so that magnitude metrics do not differ; they do differ for variability metrics. Trait diversity metrics can also be separated based on two concepts: uniqueness and combinatorics (see Figure 1 of Scheiner et al. 2017b At this point, you may well ask yourself: "Does ecology really need this many ways to measure biodiversity?" My purpose here is not to overwhelm the reader. Quite the opposite. My purpose is to show that all of these metrics are simply combinations of the 14 basic elements, and even those basic elements reduce to just three categories (four types of information, two properties, and three measurement methods).
Organizing the metrics in this fashion accomplishes three goals. First, it identifies which metrics are based on the same types of information, properties, or measurement methods. If you wish to compare phylogenetic and trait diversity for a set of species, it does not make sense to compare a measure of pairwise divergence with a measure of nearest-neigbor equability. The tables below make it easy to identify comparable metrics.
Second, it helps distinguish between different types of combinations of elements, for example, a measure of abundance-weighted phylogenetic diversity [ q DA(PT), which combines elements of identity, numbers, and total regularity] as compared to a measure of phylogenetic-weighted abundance diversity [ q DPT(A), which combines elements of identity, evenness, and total divergence] (see table A5 ). Recognizing that these two metrics combine different basic elements prevents confusion or inappropriate comparisons, especially across studies done by different researchers. P a g e | 7
Third, it identifies "missing" metrics. Imagine Tables 1-5 without any of the metrics in italic or bold font. That is how I began this compilation. The metrics in italic are ones that are implied by previously published metrics. The most obvious are measures of regularity or equability that are derived from Hill-based diversity metrics by dividiing by S (e.g., q E(TT), Table 1 ). The metrics in bold are ones that were suggested by analogy with existing metrics. For example, metrics had been proposed for divergence based on total and pairwise measures and for regularity based on total measures ( Table 2 ). Those measures suggested the possibility of additional metrics of nearestneighbor divergence, pairwise regularity, and nearest-neighbor regularity based on simple substitutions or modifications of existing formulas. Once I began this process, it became straightforward to continue until all of the cells in Tables 1-5 contained at least one metric. Even if a cell already contained a metric, others were added if they were based on combinations of basic elements that were not previously considered, or if based on different concepts of magnitude or variability. For the most part, the metrics are as originally presented. My only systematic deviation from that practice is that all of the variance-based metrics of Tucker et al. (2017) were converted to standard deviations so as to make units comparable between magnitude and variability (Table   A3 ).
Fourth, my typology makes it easier for researchers to develop new metrics if none of the existing metrics are best suited for the task at hand. Additional metric might be implied by analogy with those presented here. Or, the basic elements might be combined in yet new ways. Or different types of basic elements might be developed, for example other ways of measuring variability.
The effective number of species are the number of species that an assemblage would contain if all species had equal abundances, divergences, or dispersions (Jost 2006) . They are obtained by multiplying a measure of evenness, regularity, or equability by species richness (Jost 2010 of the metric have a range of (0,1] will the resulting combination have a range of (0,S]. So species richness (identity) is a necessary, but not sufficient, ingredient for a measure of effective numbers. P a g e | 8 Table 1 . Metrics of thirteen of the basic elements (plus identity). Metrics in this and subsequent tables in bold are newly proposed; metrics in italics are implied by previously proposed metrics.
See Table A1 for the formulas for each metric, along with the name, alternative symbols, the quantities that each measure, and the source. Table 2 . Metrics that combine species richness with one other basic element (see Table A2 for the formulas).
Magnitude Variability Data type
Total Table 3 . Metrics that combine magnitude and variability of the same data type (see Table A3 for the formulas).
Data type Total Pairwise Nearest
Phylogeny 
Standardizing diversity metric formulas
All of the formulas in the appendix use a consistent set of symbols for all parameters. Doing so avoids creating confusion by the use of the same symbol for different concepts (e.g., using "d" for both branch length and trait-space distance). For the most part, the symbols used are those typically found in previous publications, except where the same symbol was being used for differen concepts. Where possible, subscripts are used to distinguish between related parameters (e.g., min for metrics involving nearest-neighbor divergences or distances). The formulas are also presented in as atomistic a fashion possible (e.g., denominators show full summations rather than a composite sum). Doing so makes it easy to see the components of each formula, avoids confusion, and limits the number of symbols needed. I urge other researchers to further this usage to make as clear as possible the relationship of any new metric to current metrics.
A proposed set of symbols for diversity metrics I am proposing a consistent symbology for many of the diversity metrics. This system is designed to convey information about the content of the metric; that is, the symbol is more than just an arbitrary designation. The system is applied primarily to metrics that are based on Hill diversity (Hill 1973) , but also those that rely on standard mathematical operations (averages, standard deviations, and coefficients of variation). I developed this system in assembling the metrics in this paper. Especially as new metrics were being described, I discovered that previous symbols, including ones in my own papers, were inadequate for creating a unique symbol for each metric. In addition, for some metrics there was no single, standard symbol. The proposed system conveys the three categories of information as follows: If the symbol for a type of information is inside the parenthesis of a function, the function is performed on that parameter. If the symbol is outside the parenthesis, that parameter is a weighting factor. For example, q DTP(A) is Hill diversity of abundance information weighted by pairwise trait information; q DA(TP) is Hill diversity of pairwise trait information weighted by abundance information; q D(ATP) is Hill diversity of both abundance and pairwise trait information. Not included here, because I do not list their formulas, are symbols designating ecological hierarchies (α-. β-, and γ-diversity). Those would be added as subscripts of the mathematical function.
I urge the use of a consistent set of symbols to make it easier for the reader to understand what metric is being used, especially if the formula for that metric is not given in the publication. I am well aware that getting authors to do so is difficult. In one case, one of my own metrics was used in a paper with a notation that differed from the one in my original publication. As my publication listed several different metrics, it was not obvious which one was being used. Editors and reviewers are critical for encouraging usage consistency.
Concluding remarks I wish to be clear that in this paper I am not advocating the use of any specific metrics. Rather, my goal is to be as comprehensive as possible so that you can identify the metric(s) that are most appropriate for the question that you wish to address. This task is especially important for metrics that are composites of two or more elements, as it is not always obvious what elements are being combined. For example, is this metric measuring abundance diversity weighted by phylogenetic information, or phylogenetic diversity weighted by abundance information? Such identification ensures that comparisons among diversities measured with different types of information (e.g., phylogenetic and trait information) are done with metrics based on similar properties (e.g., both are based on nearest-neighbor data). Even more important, it points out that certain types of comparison are not informative. A correlation of Hill diversity metrics of phylogenetic and trait data is such a comparison. Both metrics include species richness as a component so that any correlation is (partially) based on a correlation of a parameter with itself. Instead, the correlation should be done using Hill evenness metrics, which do not contain overlapping elements.
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My compilation is incomplete in several regards. First, I have undoubtably left out some metrics despite my attempts to ferret them out. Second, there are other aspects of biodiversity that are not addressed here; my focus is exclusively on metrics relevant to species within communities.
Nor does the compilation consider other types of measures, such as entropy (Jost 2006) . Third, all of the formulas presented here assume no sampling bias. Bias-corrected formulas for some of the metrics can be found in (Colwell and Coddington 1994 , Chao and Jost 2012 , Chao et al. 2013 , Chao et al. 2015 among other publications. Fourth, I do not deal with hierarchical data structures and metrics of α-diversity (mean subsample) and β-diversity (among subsample). Again, formulas for hierarchical data structures for some of the metrics can be found in various other publications (e.g., Tuomisto 2010 , Pavoine et al. 2016 , Scheiner et al. 2017b , Tucker et al. 2017 , Podani et al. 2018 ).
Appendix
In all tables, previously used symbols are given in brackets. The source given is the first occurrence of a metric in the literature, even when that metric was subsequently, independently derived. Symbols use in the tables are as follows:
S: the number of species ni: the number of individuals of species i N: the total number of individuals in an assemblage T: the time-depth of a cladogram B: the number of branches on a cladogram Nb: the total number of individuals of all species that share the bth branch segment on a cladogram Lb: the length of the bth branch segment on a cladogram Lib: the proportional share of the bth branch segment of species i Li: the total proportional branch length share of species i φij: the total branch length between species i and j φi min: the shortest branch length between species i and all other species ψij: the amount of unshared branch length between species i and j, = 1 -[cij/√(cii cjj)], where cii (cjj) = the sum of the branch lengths for species i (j), and cij is the sum of the branch lengths from the root to the most recent common ancestor of species i and j. [ Note that ψij = φij for the alternative definition, = 0.5(cii + cjjcij).] di: the mean standardized trait distance of species i and all other species dij: the standardized trait-space distance between species i and j di min: the smallest standardized trait-space distance between species i and all other species dkl: the standardized trait-space distance between individuals k and l ignoring species identity δi: the distance of species i from the abundance-weighted centroid of the species trait-space distribution ∆d: the sum of abundance-weighted deviances from the centroid of the trait-space convex hull ∆|݀|: the sum of absolute abundance-weighted deviances from the centroid of the trait-space convex hull ‫ܩ݀‬ തതതത : the mean distance from the centroid of the trait-space convex hull µl min: the length of the lth branch connecting species i and j of a minimum spanning tree constructed from phylogenetic or trait distances q: the exponent of the Hill function 
